1. Where and when is the sediment deposited?
2. Is the amount of sediment deposited during low stages the same as the amount resuspended during high flows? 3. How is suspended-sediment movement related to changes in flow conditions?
Description of the Problem
Fluvial sediment, a widely recognized pollutant of surface water, is reducing the efficiency and useful life of almost all reservoirs in Puerto Rico. Sediment tranported from the upper basin of the Rio Grande de Loiza is eventually deposited in the bottom of Lago Loiza, a water supply reservoir ( fig. 1 ). The reservoir is being significantly affected by the sediment deposition. This reservoir supplies about 50 percent of the water for the San Juan Metropolitan area ( fig. 2) .
Because of the importance of the basin for water supply, plans are being developed for dams on three tributaries: Rio Grande de Loiza at Quebrada Arenas, Rio Cayaguas at Cerro Gordo, and Rio Valenciano near Juncos ( fig. 1 ). The useful life of Lago Loiza and the design and construction of the three reservoirs will be greatly influenced by sediment transport and deposition.
Collection and analysis of suspended-sediment transport and deposition data in conjunction with landuse data can be used to implement mitigation practices in the basin in an effort to reduce erosion and sedimentation rates.
Purpose and Scope
The purpose of this report is to summarize the suspended-sediment data collected during the data collection phase of the study. Data from ten suspended-sediment stations are presented for the period of 1983 to 1986. The study area of 208 square miles extends from the headwaters of Rio Grande de Loiza to the Lago Loiza. Data were collected from ten streamflow and suspended-sediment stations established along the main stream and selected tributaries.
A final interpretative report entitled "Sediment Transport and Yields in the upper Rio Grande de Loiza Basin, Puerto Rico," will be published at the end of the investigation. In the final report, sediment transport and its delivery to Lago Loiza will be addressed.
Previous Investigations
No previous studies have been conducted to assess sediment transport in the upper part of the Rio Grande de Loiza basin. Few sediment samples were collected at fixed stations along the basin prior to this study. However, some studies have been conducted on sedimentation in the Lago Loiza area (QuinonesMarquez, 1980) . Results indicate that sedimentation and channel-bed movement in the Rio Grande de Loiza are constant threats to the useful life of Lago Loiza. Some bathymetric surveys of Lago Loiza have been made by the U.S. Soil Conservation Service (livari, 1981) . A recent sedimentation survey of Lago Loiza has shown a capacity loss rate of 1.8 percent per year (Quinones-Marquez and others, 1987) . Preliminary results of that study indicate that silts and clays transported from the upper basin account for most of the sediments deposited in the reservoir. However, recent coring of Lago Loiza by the U.S. Geological Survey (1989) has disclosed sand deposits throughout the upper 3 feet of bottom sediments.
DESCRIPTION OF THE STUDY AREA
The Rio Grande de Loiza basin is the largest drainage basin in Puerto Rico. It is in east-central Puerto Rico ( fig. 1 ) and is among the most developed watersheds on the island. Rio Grande de Loiza, which is the largest stream in drainage area and third largest in water discharge in Puerto Rico, was dammed in 1953 to build a water-supply reservoir. Lago Loiza (also known locally as Lago Carraizo), is the only reservoir in the basin and one of the biggest water-supply sources on the island. It had a storage capacity of about 10,000 acre-ft in 1985 and supplied about 110 million gallons per day (Mgal/d) of raw water to the Sergio Cuevas public water supply filtration plant. Outflow from this plant to the San Juan Metropolitan area is reported to average 78 Mgal/d (fig-2 ).
The basin is characterized by periods of intense rainfall during the relatively wet seasons from August to November and April to June. Relatively dry periods occur from December to March and from June to July. Mean annual rainfall ranges from 63 to 100 inches per year. Higher rainfall occurs in the headwater areas than in the alluvial valleys due to orographic effects. Data obtained from National Oceanographic and Atmospheric Administration (NOAA) for the period 1983 to 1986 are summarized in table 1.
The basin is also characterized by mountainous terrain covered by dense vegetation. The boundary of the upper basin is marked by the Sierra de Cayey in the southeast, while the Sierra de Luquillo, in the northeast, defines the middle-lower basin ( fig. 3) . Geologically, the basin is dominated by plutonic rocks, largely granodiorite and quartz diorite (Briggs and Akers, 1965) . Locally those formations are deeply weathered. Lava, lava breccia, and tuff and tuffaceous breccia largely deposited in a marine environment occur in rest of the basin. Extensive alluvial valleys are found near Lago Loiza.
The total drainage area covered by the study is 208 square miles. The network of sampling stations and the area draining to each station are summarized in table 2.
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METHODS AND PROCEDURES
Many direct and some indirect measurements of Streamflow and stage were made over a range of conditions to define the relationship between the elevation of the water surface (stage) and water discharge at each gaging station. This relationship, called a rating curve, is used to estimate instantaneous water discharge when only stage is known (Rantz and others, 1982) . Stage values were obtained from automatic digital recorders (ADR) installed at each gaging station using a 15-minute recording interval. These 15-minute data were then used to compute mean daily streamflows.
Suspended-sediment samples were collected one or two times per week at each station on a routine basis and more often during high flows when sediment-transport rates were assumed to be the highest. Streamflow measurements were made according to standard techniques described by Rantz and others (1982) . Conventional U.S. Series depth-integrating DH-48 (low flow) or D-49 (medium and high flow) samplers were used to collect periodic samples of suspended sediment at various points in the crosssection (Guy and Norman, 1970) . The water-sediment mixture was poured into an 8-liter churn splitter which mixed the sample. A 350-ml aliquot was taken from the churn splitter and poured into a sediment bottle. [The bottle containing the sample was then transported to the laboratory and stored in a cool, dry, dark place for laboratory determination of suspended-sediment concentration and particle-size distribution. At extremely low flow, only one sediment bottle was filled, so sample splitting was not necessary.
In addition, automatic pump samplers were installed at five of the ten stations. The automatic sampler^ is a portable device capable of collecting 24 separate, sequential water-sediment samples or a single composite sample. It can be used for sample collectipn at set time intervals or at equal flow volume^. The samplers installed in the study area were programmed to collect the water-sediment samples, above low flow and at time intervals of 5,10, 30, and 60 minutes. The samplers utilized a peristaltic pump system to transport the sample from the stream to the slample bottle. The suction line was cleared before and after sampling. Once the 24 bottles were filled according to the desired time sequence, the samples were removed from the sampler casing and brought to the laboratory and stored for further analyses. The sampler casing was then filled with new empty bottles and programmed again for the next event. All samples were supplemented with samples collected by Survey personnel during storms.
Determination of suspended-sediment concentrations was made by either evaporation or filtration method. In the evaporation method, sediment was allowed to settle in die bottom of the sample bottle and the supernatant liquid was decanted. The sediment was washed into an evaporating dish, dried in an oven, and later weighed. Similar steps were followed in the filtration method except that instead of washing the sediment into an evaporating dish, the sediment was filtered through a glass-fiber filter (mesh size of 0.4 micrometers) in a crucible, and the crucible with the sediment was then oven dried.
The concentration of suspended-sediment is equal to the ratio of the dry weight of sediment to the volume of water-sediment mixture. This concentration is computed as a weight to weight ratio and is expressed in ppm (parts per million). A conversion factor is used to convert ppm to mg/L (milligrams per liter) using the assumption that water density is equal to 1.000 g/mL (gram per milliliter) plus or minus 0.005, temperature is from 0° to 29 °C, specific gravity of suspended-sediment is 2.65, and the dissolved solids concentration is less than 10,000 parts per million (Guy, 1969) . For suspended-sediment concentrations less than 15,900 ppm, the conversion factor is equal to unity (table 3) .
Because suspended-sediment concentrations vary with water discharge, all values should be considered as instantaneous and representative only of the discharge at the given location and time. The data for each station are summarized in tables 4 to 13. These data were also used to develop the plots shown in figures 4 to 13.
Samples of suspended sediment, obtained at a point by automatic pump samplers must be calibrated with depth-integrated samples to assure that they are representative. The standard technique of collecting simultaneous suspended-sediment samples by depth integration and by automatic sampler was not undertaken in this study. Percent differences in concentration therefore could not be obtained for comparison of instantaneous conditions. In lieu of these standard calibration techniques, a more generalized scheme was adopted.
For the five stations with automatic pump samplers, calibration was achieved by establishing individual sediment ratings (water discharge versus sediment load) for the depth-integrated and automatic-pump samples at each station ( fig. 14) . By checking trends of standardized residuals from the linear (loglog) relation, 2 to 3 linear segments were created to define the sediment rating for each sample type. Discharge ranges for each of the linear segments were determined by a procedure of moving averages. Regression equations were then fitted to each segment.
Calibration of the automatic-pump samples was then accomplished by calculating the difference between the 'true' sediment load (from the depth-integrated rating) and the load obtained from the automatic-pump rating, and by adding this difference to the original load determined for the pump sample Table 3 . Conversion factors (C) for ecr.putation of sediment concentration in milligrams per liter when used with parts per million or the rai io (times 10 ) of the weight of sediment to the weight of the water-sediment mixture (Guy, 1960) fig. 14) . A summary of the equations, discharge ranges, and number of samples is given in table 14. It is understood that the calibration procedure used in this study is not conventional. However, sediment ratings for depth-integrated and automaticpump samples at 4 of the 5 stations are clearly different enough to provide confidence in the technique. Sediment rating of the fifth station (Rio Turabo; station number 50053050) is matched closely, thereby requiring no calibration for the station.
Particle-size distribution of suspended sediment was determined by the sieve-pipet method (Guy, 1969) . Sieves were used for sediment-particle sizes coarser than 0.062 mm (millimeters) and pipet was used for finer particle sizes. Sand was separated from the silt and clay by wet sieving with a 250-mesh (0.062 mm).
The sand fraction was separated into grain sizes finer than 1.0,0.50, 0.25, 0.125, and 0.062 mm by wet sieving because of the difficulty in removing the remaining clay from the sand particles by other methods. Material retained in the sieve was washed into an evaporating dish, dried, and weighed. The material passing through the sieve was poured with its wash water onto the next smaller-sized sieve. The process was repeated for each size category until the 0.062 mm sieve was used. Material passing through the 0.062 mm sieve was added to the material obtained during initial separation of fines from sands and processed by the pipet method. All samples were then dried and weighed after decanting and filtering.
Particle-size distribution of suspended-sediment was determined as percentage of dry mass. The dry weight of each fraction was divided by the total weight of the sample and expressed as a percentage. Computations and average percentages are summarized in table 15.
Instantaneous suspended-sediment discharge (the time rate at which a dry weight of sediment passes through a section of a stream), was computed using the instantaneous water discharge, sediment concentration, and a conversion factor. The formula used was (Potterfield, 1972) : Qs = QwCsk where Qs = suspended-sediment discharge rate, in tons per day (tons/d), Qw = instantaneous water discharge rate, in cubic feet per second (ft /s), Cs = suspended-sediment concentration, in milligrams per liter (mg/L), c = conversion factor of 0.0027. The computed instantaneous sediment discharges each station are summarized in tables 4 to 13. for Th wa sec r discharge, are then used to develop suspendediment transport curves (ratings). "he ratio of instantaneous water discharge to average water discharge (Qi/Qa) was used as a general indicator of the magnitude of individual storm eve nts. The ratio was computed by dividing the water dis Its do su, ,se data, in conjunction with the instantaneous harge recorded at the time the suspended-sediment sample was collected, by the average water dischzjge comFJuted for the period of record for each inc ividual station (tables 4-13). Average water discharge for each stations is shown in table 16.
The specific conductance of the supernatant liquid am temperature were determined for each sample and the results are summarized (tables 4 to 13).
RESULTS
A total of 2,114 suspended-sediment samples were col ected and analyzed during the investigation. Becaise of probable sampling errors, 10 samples were discarded after being analyzed. From the total samples collected, 7 percent (152 samples) were analyzed for particle-size distribution. Extreme values for the 1984-1986 period are listed in table 16.
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